Abstract
I. INTRODUCTION
Environmental effects of energy generation necessitates wise use of energy resources. The yearbook 2012 of United States Energy information organization revealed that industries were the major consumer of energy. Industries consume 31% of total electricity. Out of it 90% of electric energy was consumed by manufacturing sector, in which machining consumed 75% of electricity [1] . Environmental studies showed that more than 99% impact on environment is caused by electrical energy consumption [2] . In India almost 69% of electricity is mainly generated by burning the fossil fuel. [3] . Hence it is critical to achieve reduction in energy consumption of machining processes. Dry machining (machining without cutting fluids) shows an advantage over wet machining. But dry machining results in reduced tool life and poor surface finish. Present work focuses on multi-objective optimization of cutting parameters of turning operation of AISI 4140 alloy steel in order to minimize energy consumed per unit material removed by machine tool and to achieve minimum surface roughness and tool wear.
II. LITERATURE REVIEW
Aggarwal et al.
[4]studied influence of cutting parameters, cutting environment and tool nose radius on CNC turning of AISI P-20 tool steel and obtained minimum power consumption using both RSM and Taguchi methods. Bhattacharya et al. [5] studied effect of cutting variables on surface finish and power consumption during turning of AISI 1045 medium carbon steel. ANOVA was used as statistical tool. Results showed that surface finish was better at high cutting speed but the Power consumption also increased. Asiltruck and Neseli [6] used both Taguchi and RSM to determine optimized cutting parameters and develop models for responses in turning of AISI 304 stainless steel. Literature review reveals that number of researchers have used the RSM for optimizing and study effect of cutting parameters in machining processes. Many of them have used this technique to optimize responses like surface roughness, MRR (material removal rate), tool wear, tool life and cutting forces etc. But only few researchers have used this technique for multi-objective optimization while taking energy or power as one of response parameter.In present work, an attempt has been made to optimize the cutting parameters (speed, feed, depth of cut) to minimize the responses; specific energy, surface roughness and tool wear in dry turning of AISI 4140 (medium carbon alloy steel).
III .EXPERIMENTAL DETAILS

A. Material used and its Specification
AISI 4140 high strength alloy steel used as work piece material for present work with 50 mm diameter and 290 mm cutting All experiments were conducted on STALLION 100 HS CNC turning center made by HMT.HIOKI PW3360 Clamp on Power logger was used to record power consumption of machining process at time interval of one second. The values of specific energy consumption (SEC)were calculated. Fig. 1 shows the experimental setup. An initial cut was made on each work piece in order make a uniform diameter of 49.4mm. Surface roughness of each work piece is measured by Mitutoyo SJ-410 roughness tester. Radicals make, RMM 7T metallurgical microscope fitted with micrometer was used to measure flank wear of cutting insert or tool. And a universal vice used to hold the insert's flank side parallel to objective lens.
D. Selection of Cutting Parameters
In present work cutting speed, feed rate and depth of cut were selected as main cutting parameters.
E. Selection of Response Parameters
Since objective was to achieve minimum SEC, minimum surface roughness and minimum tool wear. So response variable taken were SEC, surface roughness and tool wear.
1) Specific energy consumption (SEC)
SEC is quantity of energy consumed by machine tool to remove 3 1 mm of material. And it can be calculated as:
Where MRR (material removal rate) indicates the quantity of material removed per unit time from work piece and is calculated as:
(3)
2) Surface roughness (R ) a
It is arithmetic average of absolute values of roughness profile. Surface roughness was measured three times for each workpiece surface.
3) Tool wear
Tool wear measured in terms of width of flank wear land using metallurgical microscope at 100x magnification. Microscope is fitted with micrometer, which has least count of 0.001 mm. f.
Design of Experiment 1) Response Surface Method (RSM)
RSM is a mathematical and statistical tool which is generally used to identify the relationship between response variables and input parameters or variables in terms of an empirical model, and often used to find the input parameter setting that can optimize response. For present work, a quadratic model is used to determine optimum values of response and is given by
Where k is number of input variables, x , x and x are the input
parameters. and are coefficients of models and ɛ is residual linked with experiments.
1) Central Composite Design
A Central composite design (CCD) consist of K v 2 factorial points. These points are also known as cube points. Here, K denotes number of parameters or factors.
v 2K axial points. These are also star points.
v In addition to above CCD also consist of Centre points this represents experiments with same values of cutting parameters.
In present work, selected cutting variables or prameters were cuting speed (V ), feed rate (F) and depth of cut (Ap). So, the c 3 CCD comprised of 2 or 8 factorial points and 2*3 or 6 axial points. The value of α is default value calculated by MINITAB software which is 1.68 in coded terms. 
3) Levels of Cutting Parameters
Levels of various cutting parameters were selected by conducting pilot experiments. Levels of cutting speed, feed rate and depth of cut were selected in view to lathe machine capacity, to avoid tool breakage and under the constraints of tool life which are shown in table 4. 
IV. RESULTS AND DISCUSSION
Effect of cutting parameters (cutting speed, feed and depth of cut) on the three responses i.e. SEC, surface roughness and tool wear is discussed in this section. MINITAB software is used to obtain the regression models of different responses. Table 6 shows the values of response variables obtained from different experiments. At the end desirability function was used for multiobjective optimization of responses. fig.2 indicate that value of SEC was minimum when feed, cutting velocity and depth of cut were at their highest level. Table 8 presents the ANOVA and F-test of Surface roughness. Pvalue for feed rate was <0.05 which indicated that feed was the significant parameter, while for cutting speed and depth of cut Pvalue >0.05 which indicated that these were not the significant parameters for surface roughness. Percentage contribution (PC %) column shows that feed rate contributed 78.25% in total
Fig.2: Contour Plots of SEC
A. Analysis of Variance (ANOVA) And Regression Model For Surface Roughness (R ) a
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D. Multi-Objective Optimization
The desirability function approach was used to minimize energy consumption, improve surface quality (surface finish) and to minimize tool wear. MINITAB software was used to carry out this optimization analysis. Constraints used for optimization are shown in table 13. Fig.5 shows optimization plot obtained with the help of Response optimizer in MINITAB software, which shows values of desirability alongside of all responses. Table 14 shows the results obtained after multiobjective optimization. 
Fig.4: Contour Plots of tool wear
